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2 SUMMARY 
 

     The purpose of this Project was to implement three high priority Land Based Sources of 

Pollution (LBSP) restoration projects identified in the Culebra Watershed Management Plan 

(WMP), and to monitor performance of one of the installations. These projects have utilized 

green infrastructure practices to intercept stormwater runoff and utilize plants, soils, and 

natural processes to filter and reduce runoff pollution.  

Efforts to support and implement the Culebra Community Watershed Action Plan for 

Coral Reefs and Water Quality has led to unprecedented collaborations between the 

Municipality of Culebra, the Department of Natural and Environmental Resources (DNER), 

National Oceanic and Atmospheric Administration (NOAA), the US Fish and Wildlife Service 

(FWS) through the Partners for Fish and Wildlife Program, local organizations, and the 

community in general.  As part of the fundiƴƎ ŎȅŎƭŜ ŦǊƻƳ bh!!Ωǎ /ƻǊŀƭ wŜŜŦ Conservation 

Program (CRCP) for Fiscal Year (FY) 2015, and in collaboration with the Horsley Witten 

Group (HWG) and the USFWS, Protectores de Cuencas (PDC) carried out three high priority 

projects in Culebra to stabilize unpaved roads and to restore and protect coastal ecosystems.   

The first project was developed following work started with FY-2014 NOAA funds in 

Punta Aloe, Fulladosa Ward, located in the Culebra Subwatershed (Figure 1). This project 

consisted of stabilizing the lower drainage area as well as implementing a series of 

additional practices in the upper drainage area of the work completed with previous FY-

2014 NOAA funds. The second project was developed as part of the same dirt road system 

of Punta Aloe in the opposite drainage area on the Fulladosa Subwatershed, and the third 

project was done with the funding collaboration of the USFWS and the North View 
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Homeowner Association (NVHA) located in the Puerto del Manglar subwatershed (Figure 1). 

These projects represent major sediment and stormwater runoff control practices on 

unpaved ǊƻŀŘ ǎȅǎǘŜƳǎ ƛƳǇŀŎǘƛƴƎ /ǳƭŜōǊŀΩǎ Ŏƻŀǎǘŀƭ ŀƴŘ ƳŀǊƛƴŜ ǊŜǎƻǳǊŎŜǎΦ The Punta Aloe 

sites drain to CulebraΩs main bay, Ensenada Honda, a bay recognized as critical habitat due 

to prevalence and abundance of seagrass beds and coral reefs. The Puerto del Manglar site 

drains to the Puerto del Manglar Bay (PMB), the second largest bay in Culebra.  The PMB is 

an area of great ecological importance surrounded by mangroves, which form a unique 

habitat that is vital for coastal wildlife, seagrass beds and coral reefs. The goals of these 

projects were to address runoff from the adjacent roads and bare soil areas prior to being 

discharged to the marine environment. These efforts had the endorsements of the 

Municipality of Culebra, the Conservation and Development Authority of Culebra (ACDEC) 

and the support of the DNER, as well as from the local community. Furthermore, the 

Homeowner Associations as well as the Municipality of Culebra have agreed to provide long 

term maintenance to the stabilized roads. 

It is important to point out that much of the labor for these efforts has been contracted 

locally from Culebra.  These projects received technical assistance from the DNER, the 

USFWS and NOAA.  The USFWS and DNER also provided native trees to be planted as part 

of the reforestation program.  DNER provided logistical support and accommodation for the 

work team at their facilities in Culebra.  Project sites were selected in coordination with 

agencies, Horsley Witten Group, NOAA CRCP, the Municipality of Culebra and homeowners 

from the area.  
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Figure 1.  Culebra map with site locations where the yellow segments refer to the dirt road system project 
implemented in 2014, while the blue segments refer to the dirt road systems project implemented in 2015. 
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3 INTRODUCTION 
 

3.1 BACKGROUND 
 

Increased levels of land-based sediment loads associated with coastal development is 

one of the most important factors affecting coastal marine ecosystems in Puerto Rico.  

Puerto Rico coral reefs are among the most threatened marine ecosystems in the Caribbean.  

The degradation of coastal water quality in Puerto Rico has caused a decline in the 

population and health of coral reefs. The ability of reefs to survive is gradually being reduced 

as fine sediment and nutrient discharges from the land to the coastal waters increase. From 

the stand point of marine ecosystems conservation, degradation of water quality due to 

dispersed land-based sources of pollution has caused negative and sometimes irreversible 

damage to the integrity of the coral reef communities, sea grasses, mangroves, and other 

highly valued coastal ecosystems.   

High rates of sedimentation, excess nutrients, urbanization, and sanitary sewage 

overflow, are the main causes of the degradation of marine ecosystems.  This phenomenon 

is mainly due to the lack of sustainable management from the perspective of integrated 

watershed management.  Erosion and habitat degradation are other serious problems that 

our wetlands, estuaries, and coastal waters face. The removal of vegetation and land 

clearing activities for construction without proper erosion and sedimentation control 

practices impact marine and coastal ecosystems and diminish the attractiveness of coastal 

areas for recreation and tourism. High sediment loads discharging to marine environments 
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as a result of poorly maintained dirt roads without the installation of proper management 

practices is a very common problem in Culebra.  

 As mentioned by Ramos-Scharrón and Amador-Gutierrez (2011), experts agree that 

much improvement on coral reef conditions in Culebra can be achieved by decreasing 

sediment load rates into its coastal waters.  It has been determined that unpaved roads are 

likely to generate sediment at a rate of up to four orders of magnitude greater than 

undisturbed lands. Increased loads caused by the continuously growing unpaved network 

in Culebra have increased the rate of sediment and nutrient delivery to the marine 

environment, threatening the islaƴŘΩǎ ŦǊŀƎƛƭŜ ŎƻǊŀƭ ǊŜŜŦ ǎȅǎǘŜƳǎ όIŜǊƴłƴŘŜȊ-Delgado et al., 

2006).  

 Geospatial Information System models suggest that sediment delivery rates in four 

general areas of Culebra including Punta Soldado, Bahía Mosquito, Puerto Manglar, and 

Zoní range between 20 and 120 tons km-2 yr-1 (tons of sediment divided by km2 of land area 

per year) (Ramos-Scharrón, 2009), and this ranges from about half to up to 10 times higher 

than those estimated for three comparable watersheds on St. John, USVI. In the case of 

Puerto del Manglar watershed, a total of 9.4 km of unpaved roads are calculated with a 

total delivery 112 tons of sediment every year into the receiving coastal waters, 

representing 86% of the entire watershed surface area sediment yield. The data presented 

by the studies show that sediment pollution from particular road segments outweigh their 

counterparts in their relative contribution to watershed-scale sediment yields. 
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3.2 GENERAL SITE CONDITIONS 
 
As part of the restoration projects completed, we continued to address issues of 

concern through the establishment of three restoration projects, two at Punta Aloe in the 

subwatersheds of Culebra and Fulladosa and one at the Puerto del Manglar subwatershed. 

PDC also made several improvements to Punta !ƭƻŜΩǎ project implemented in FY-2014, 

including a series of concrete swales along portions of the road. 

     The Punta Aloe site is composed of a municipal dirt road system. This dirt road is very 

steep and is one of the major sources of sediment runoff to Ensenada Honda. The 

homeowner association for this area provided matching contribution to pay for part of the 

costs of these projects. Approximately ½ mile of dirt road was stabilized to reduce sediment 

transport to the marine environment of Ensenada Honda.   

The Puerto del Manglar site is composed of a community dirt road network with a bare 

soil parking lot that drains to a salt flat and mangrove wetland system managed by the 

USFWS as a National Wildlife Refuge. The NVHA had previously built a new parking area 

outside the salt flat, but it was not established correctly, and stormwater practices and 

sediment and erosion control measurements were not considered or wrongly implemented. 

This oversight caused significant amounts of sediment to fill most parts of the salt flat and 

discharge to coastal waters on the bay. In addition, the visitation in this area has resulted in 

an increased pressure on natural resources, therefore, increasing the need for 

implementation of management practices to ensure both the enjoyment of visitors to the 

area as well as the protection and conservation of this unique coastal resource. The lack of 
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proper planning, management, and the absence of erosion and sediment control practices 

has led to an increase in sediment pulses that affects the adjacent bay and its resources. 

3.3 PROJECT GOAL AND RESULTS 
 
The primary goal of these projects was to stabilize bare soils in in high priority areas of 

Culebra by implementing sediment and erosion control measures to reduce sediment loads 

into the marine ecosystems. This will protect and build resilience of coral reef ecosystems 

in Culebra.  

Prior to stabilization, in most parts of the dirt road networks, runoff was flowing down 

the center of the road causing erosive forces to transport sediments into the nearshore 

environment. After completing the installation of temporary sediment and erosion control 

measures, PDC stabilized approximately another 1 mile of dirt roads in three priority sites. 

Installed BMPs included sediment traps, check dams, swales, regrading, rip-raps, 

hydroseeding, Vetiver grass plantation and paving with concrete and granulate fill material 

and compacting. These projects will improve water quality and contribute to the health of 

adjacent coral reefs, and ultimately, support the Culebra local economy.   
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4 IMPLEMENTATION 

4.1 PUNTA ALOE PROJECTS  
 

This site includes a municipal dirt road for which half was stabilized and regraded during 

Phase I with FY-2014 NOAA funds.  The main problem of this dirt road system was that it 

was constructed in the flow patterns of two natural dry channels.  Most of the runoff that 

drained naturally through the dry channels during storm conditions had been intercepted 

by the road, resulting in runoff flowing on the top of the road before discharging directly to 

the Bay without passing through the mouth of the natural dry channel. During Phase II of 

these efforts, we improved the previous work by adding several concrete swales and Vetiver 

grass lines, paved a steep segment of the dirt road with concrete, and stabilized a dirt boat 

launching area near the coastal zone with gravel and vegetative buffers. We also built a 

series of raingardens downhill of the implemented road stabilization practices. The use of 

concrete crossing swales was implemented to ensure proper conveyance of runoff to its 

natural course into the dry channel after passing through a series of treatments.  Also, the 

second half of the Punta Aloe dirt road network that drains to the Fulladosa Bay was 

stabilized.   

Punta Aloe projects received the financial support from NOAA, Culebra residents and 

the Municipality of Culebra, with in-kind contributions of heavy equipment. Before starting 

any restoration work in the area, we installed a series of temporary sediment and erosion 

control practices at the current road and near the coastal zone and where work was going 

to take place. Sediment control practices included installing silt fences and planting Vetiver 

grass to redirect runoff to forested areas.  
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The steepest segment of this dirt road network was stabilized by paving it with concrete.  

A stone swale was built on the side of the concrete to reduce the energy of the runoff prior 

to discharging into a raingarden, and hydroseeding was used to stabilize the remaining bare 

soil areas.  Up gradient of the concrete stretch, the road segment was regraded towards 

the outside of the road and compacted.  A rain garden system was constructed at the end 

of the dry channel before it discharges to the marine environment. Part of the channel was 

clogged with big piles of sediment; this was a product of the construction of the road and 

previous maintenance procedures. This problem was causing the natural flow to cut 

through these piles of sediment and through the main road, transporting them to the sea.   

As part of this project, the sediment piles were removed along with other sediments 

that had built up upstream over the years, and the natural channel was restored pack to 

natural conditions.  A series of check dams were built inside the channel to reduce runoff 

energy and trap some of the sediments. Downstream of the channel, where a boat 

launching area exists, a significant amount of sediment had also piled over the years.  This 

sediment was removed and the bare soil was stabilized by paving it with gravel, 

hydroseeding and other vegetative buffers (See Figures 2 to 7). Removed sediments were 

appropriately disposed in a local landfill.   

On the upper part of the road that was stabilized with FY-2014 funds, we added a series 

of concrete swales where runoff needed to cross the road (Figure 8).  Concrete swales have 

been demonstrated to be a very reliable and effective practice on these roads.  

On the other half of the Punta Aloe dirt road network that drains to the Fulladosa Bay, 

a total of approximately ½ mile (using ArcGIS tools) of dirt road was stabilized to reduce 
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sediment transport to the marine environment. All the dirt road stabilized was regraded to 

the desired hydrological patterns, and runoff was conveyed into a continuous swale with 

check dams at intervals of approximately 25-30 ft., depending on the slope. The regrading 

process was conducted using a bulldozer, and soil was compacted with a 15-ton compacting 

roll. A series of concrete crossing swales was constructed to cross runoff from one side of 

the road to another into forested areas. Sediment traps were constructed to help filter 

stormwater that was causing erosion problems and discharging sediments. The traps were 

formed by excavating an area across a low portion of drainage swale, and berms were 

constructed and compacted with the small compacting roll. After compacting, the sediment 

traps were covered with 2-8 inch stones as rip-rap to prevent erosion from the berms, the 

bottom was punched through with the backhoe to promote infiltration, and Vetiver grass 

half-moons were planted to help trap sediment and promote infiltration and 

evapotranspiration. A rip-rap overflow was constructed with bigger 1-2 ft. stones to reduce 

energy of the water. The final segment of the road was paved with compacted gravel to 

reduce the sediments entering the raingarden that eventually drains to the Bay (See Figures 

9 and 10).   

For this project, we had an in-kind contribution from the Las Colinas Homeowner 

Association (CHA) for part of the cost associated with the concrete.  Other contributions 

from land owners include space for storing heavy equipment, water for irrigation, and 

maintenance of green areas restored.   
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Figure 2.  Sediment accumulation along dirt road at Punta Aloe prior to stabilization. 

Figure 3.  Sediment accumulation along boat launching area at Punta Aloe before the area was stabilized. 

Figure 4.  Sediment accumulation removal at Punta Aloe. 


